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Summary  This  paper  aimed  towards  the  analysis  of  various  multipath  routing  techniques  with
and without  load  balancing  as  a  comparative  study.  Most  of  the  routing  techniques  targeted  to
ﬁnd best  path  from  source  to  destination.  The  basic  routing  techniques  are  based  on  single
path; there  is  only  one  path  from  sending  end  to  receiving  end.  There  after  multipath  routing
techniques  has  been  proposed  to  send  the  data  in  multiple  paths  and  eliminates  the  drawbacks
in single  path  routing.  This  study  gives  better  idea  about  multipath  routing  techniques  along
with load  balance  for  avoiding  congestion  in  wired  packet  networks.
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outing  is  the  process  of  sending  data  from  source  to  desti-
ation  by  making  use  of  the  best  path  through  the  network.
ata  packet  can  be  routed  either  by  using  single  and  multi-
ath  routing  techniques.  In  a  single  path  routing,  data  is
ent  over  a  single  path  and  in  multipath  routing,  the  data
s  sent  over  a  number  of  multiple  potential  paths  available
t  that  instant  (Domz˙ał  et  al.,  2015;  Xin  et  al.,  2009).  As
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he  trafﬁc  on  internet  increases,  congestion  will  occur  in
he  network  and  its  performance  decreases  (Tanaka,  2011).
ost  widely  used  routing  to  avoid  congestion  is  multi  path
outing  technique  (Xin  et  al.,  2009).  Major  advantage  of
ulti-path  routing:  any  failure  in  any  path,  data  will  be
outed  in  alternate  paths  and  hence  throughput  will  increase
ramatically  (Domz˙ał et  al.,  2015).  A  network  is  more  efﬁ-
ient  when  a  router  is  capable  of  dividing  the  trafﬁc  over
ultiple  paths.  Packet  distribution  and  delivery  is  ensured
y  using  multipath-routing  technique  (Li  et  al.,  2011).
Load  balancing  is  another  technique  used  to  eliminate
ongestion  by  distributing  the  data  packets  through  the  net-
ork  based  on  available  network  resources.  In  load  balance,
t  decides  how  much  load  should  be  sent  over  each  path
Key  et  al.,  2007).  In  which,  number  of  paths  is  decided  by
ultipath  routing  algorithm.
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Multipath routing techniques
In  a  network,  packets  may  be  routed  in  many  paths.  There
are  two  basic  concepts  in  packet  routing,  they  are  hop
by  hop  and  source  routing.  In  the  ﬁrst  routing,  each  node
decides  the  packet  path,  where  as  in  the  second  routing,
the  source  node  evaluates  the  available  paths  to  the  des-
tination  (Domz˙ał  et  al.,  2015).  Source  routing  is  the  most
popular  routing  to  route  the  data  packets.  The  source  node
ﬁnds  the  available  best  paths  to  route  the  packets  based  on
many  criteria.  Along  with  source  node,  each  and  every  node
is  aware  of  all  the  paths  to  the  destination  node.  If  the  data
packets  are  transmitted  in  more  than  one  path,  then  it  is
called  as  multipath  routing.  In  this,  each  path  carries  a  part
of  data  from  sending  host  to  destination  host  (Xin  et  al.,
2009).  Congestion  control  in  networks  has  become  more
challenging  issue  to  the  researchers  now.  A  new  method
(Tanaka,  2011)  has  been  proposed  based  on  multi-path
routing  chooses  simultaneous  paths  to  avoid  congestion.  In
multi-path  routing,  number  of  paths  plays  a  very  vital  role.
The  network  performance  is  based  on  number  of  paths  and
it  decreases  as  the  number  of  paths  is  increased,  and  even
becomes  worst  under  several  situations.  Some  of  the  algo-
rithms  used  in  multipath  routing  are  discussed  below.
Xin  et  al.  (2009)  proposed  a  method  to  minimize  con-
gestion  using  distributed  multipath  routing.  In  this  paper
number  of  multiple  paths  is  chosen  to  maximize  the  link
utilization.  This  method  is  capable  of  providing  high  through-
put.  But,  the  drawback  is,  requires  more  control  messages.
Tanaka  (2011)  proposed  a  method  by  using  ﬁxed  number
of  paths  for  Simultaneous  Multi-path  Communication.  In  this
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Table  1  Comparison  of  various  multipath  routing  techniques  with
Authors  Method  Meri
Xin  et  al.  Multipath  routing  •  Ma
• Hig
Tanaka Multipath  routing  •  Re
Li et  al.  Multipath  routing  •  Tra
• Le
• Ro
• Ad
Liao et  al.  Multipath  routing  •  It  a
grou
Qin et  al.  Multipath  routing  •  Eff
• Hig
Key et  al.  Multipath  routing  with  load
balancing
•  Fix
of pa
He and  Rexford  Multipath  routing  with  load
balancing
•  Pro
and  
Palomar and  Chiang  Multipath  routing  with  load
balancing
•  Ra
on re
• Be
Elhourani et  al.  Multipath  routing  with  load
balancing
•  Mu
acyc
• Gu
Prabhavat et  al. Multipath  routing  with  load
balancing
•  Su
orderks  235
aper  author(s)  advised  a  Simultaneous  Multi-path  Commu-
ication  (SMPC)  aims  at  reliable  communication.  But,  this
MPC  algorithm(s)  detects  loss  of  packets  but  lost  packets
re  never  retransmitted.
Li  et  al.  (2011)  proposed  a method  based  on  trafﬁc  aware-
ess.  Though  this  method  used  for  multipath  routing  in
ognitive  networks,  but  the  idea  is  very  much  suitable  for
ired  networks.  This  algorithm  is  based  on  trafﬁc  prediction
nd  it  provides  better  less  overhead,  robustness  and  adapt-
bility.  Drawback  is,  it  does  not  support  for  data  transmission
hrough  heterogeneous  networks.
Liao  et  al.  (2011)  proposed  a method  based  on  concur-
ent  multiple  paths.  In  this  method  congestion  is  avoided  by
robing  and  grouping  mechanism.  This  method  fails,  when
hange  in  trafﬁc.
Qin  et  al.  (2012)  proposed  a  method  based  on  inter-
omain  routing.  This  method  supports  effective  and  efﬁcient
ulti-path  service  by  the  use  of  high  quality  paths  to  route
he  data.  It  fails  in  providing  load  balancing.
ultipath routing and with load balancing
lthough,  multi-path  routing  is  used  to  avoid  congestion  by
plitting  the  data  over  several  paths  without  knowing  the
ath  capacity.  This  problem  is  avoided  by  using  load  balanc-
ng  technique.  In  load  balancing,  load  over  a  path  is  decided
y  available  resources  and  trafﬁc  in  that  particular  path.
ome  of  the  algorithms  used  in  multipath  routing  with  load
alance  are  discussed  below.
 and  without  load  balance.
ts  Demerits
ximum  link  utilization
h  throughput
•  Requires  more  control
messages
liable  communication  •  No  retransmission  of  lost
packets
fﬁc  prediction
ss  overhead
bustness
aptability
•  Does  not  support  for  data
transmission  through
heterogeneous  networks
llows  probing  and
ping  mechanism
•  Fails  under  trafﬁc
ﬂuctuations
ective,  efﬁcient
h  quality  paths
•  Does  not  support  load
balancing
ed  and  limited  number
ths
•  Guarantees  only  for  single
link  failure  recovery
vides  better  reliability
load  balance
•  Requires  more  control
messages
te  allocation  is  based
sources
tter  QoS
•  It  does  not  support  for
automatic  route  recovery.
lti-path  routing  using
lic  graphs
arantees  shortest  path
•  Guarantees  only  for  single
link  failure  recovery
pports  for  packet
ring
•  Guarantees  only  for  single
link  failure  recovery
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Key  et  al.  (2007),  proposed  a  method  to  avoid  conges-
ion  by  using  multipath  via  load  balancing.  It  uses  ﬁxed  and
imited  number  of  paths  for  data  transfer.  In  this  method,
here  is  more  number  of  potential  routes  available  and  all
he  routes  are  used  simultaneously.  Here  the  users  can  able
o  adapt  their  routes  towards  better  ones.  This  method  guar-
ntees  only  for  single  link  failure  recovery.
He  and  Rexford  (2008),  proposed  a  method  on  Multipath
outing  used  for  internet.  This  method  is  capable  of  provid-
ng  better  reliability  and  load  balancing.  Limitation  in  this
ethod:  requires  more  control  messages.
Palomar  and  Chiang  (2007),  proposed  a  method  on  max-
mum  network  resource  utilization.  This  method  provides
esource  constrained  rate  allocation  with  QoS.  But,  the
rawback  is,  it  does  not  support  for  automatic  route  recov-
ry.
Elhourani  et  al.  (2011),  proposed  a  method  load  balancing
ith  shortest  path  routing.  This  method  provides  multi-path
outing  using  acyclic  graphs  and  it  guarantees  shortest  path.
ut,  this  method  supports  only  for  single  link  failures.
Prabhavat  et  al.  (2011),  proposed  a  method  on  load  dis-
ribution  in  multipath  networks.  This  method  aimed  towards
electing  the  paths  and  splitting  the  trafﬁc  over  the  paths.
his  method  also  supports  for  packet  ordering.  But,  this
ethod  is  capable  of  single  link  failure  recovery.
These  multi-path  routing  techniques  with  and  without
oad  balance  is  compared  in  Table  1.
onclusions
n  this  paper,  we  have  shown  a  limited  number  of  multi-
ath  routing  and  with  load  balancing  methods.  It  is  always
n  advantage  of  having  multiple  paths  in  a  network.  Routing
rotocols  provides  the  optimal  paths  for  routing.  Conges-
ion  is  avoided  by  splitting  the  trafﬁc  over  several  paths,  if
ny  failure  occurs  rerouting  of  trafﬁc  takes  place.  Multipath
outing  technique  and  with  load  balancing  techniques  are
XN.K.  Chaitanya,  S.  Varadarajan
ased  on  available  network  resources.  With  the  advance-
ent  of  technology,  routers  are  capable  of  handling  more
verhead.  Although  a  number  of  methods  are  available  in
ultipath  routing  and  with  load  balancing,  still  researchers
re  aimed  towards  better  network  efﬁciency,  high  through-
ut,  reduced  delay,  better  adaptability  for  route  selection,
educed  data  loss.
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